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SPECIFICATION 
TITLE 

COOLING DEVICE AND COMPUTED TOMOGRAPHY 
APPARATUS EMPLOYING SAME 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to a cooling device for an X-ray source arranged at a 
gantry rotatable around a rotational axis, as well as to a computed tomography apparatus with 
<=} sach a cooling device. 

; Jo Description of the Prior Art 

m Approximately 99% of the electrical energy utilized in the generation of X-rays with 

£3 an X-ray source is converted into thermal energy. The heat arising in the operation of the X- 
I* ray source usually must be eliminated from the X-ray source in some manner in order to be 
9 able to operate the X-ray source over a longer time span for radiological exposures of a 
15 subject. This is particularly required when high X-ray power is needed as, for example, in 
computed tomography or angiography. 

Added thereto as a complicating factor in computed tomography is that the X-ray 
source is arranged at a gantry that rotates around a rotational axis during radiological 
exposures. Whereas electrical energy can be supplied to the X-ray source relatively simply 
20 via wiper rings, the elimination of the heat arising during operation of the X-ray source 

proves problematical. X-ray sources with a rotating anode X-ray tube that are conventionally 
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utilized in computer tomography and operate so that the heat arising during operation of the 
rotating anode X-ray tube is intermediately stored in the anode dish and is transferred - 
mainly by thermal radiation - to a coolant and insulating oil that surrounds the rotating anode 
X-ray tube and is contained in a housing of the X-ray radiator. The coolant and insulating oil 
5 usually circulates in a closed circulation loop through the housing of the X-ray radiator and a 
first heat exchanger that co-rotates with the gantry that emits the heat to the air surrounding 
the gantry. A second heat exchanger, that is stationary relative to the gantry, cools the heated 
air around the gantry and transfers the heat absorbed from the air to, for example, a stationary 

f ^ 

i3 cooling water system. 

jf 0 a disadvantage of such an arrangement for cooling the rotating anode X-ray tube is 

H that the majority of the heat transmission from the first heat exchanger to (he air surrounding 
m the gantry as well as the majority of the heat transmission from the air to the second heat 
:3 exchanger takes place in a significantly locally limited manner, i.e. only to the environment of 
fa the respective locations of the X-ray source or the first heat exchanger, so that the effective 
O area for the heat exchange is relatively small. 

SUMMARY OF THE INVENTION 

An object of the present invention is to implement a cooling arrangement of the type 
initially described wherein the elirnination of heat generated during operation by an X-ray 
source arranged at a gantry is improved. A further object of the invention is to provide a 
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computed tomography apparatus having an X-ray source wherein the heat generated during 
operation by the X-ray source arranged at a gantry is eliminated in an improved manner. 

This object is inventively achieved by a cooling arrangement for an X-ray source 
arranged at a gantry that is rotatable around a rotational axis, the cooling arrangement having 
5 a ring-like heat exchanger that is arranged at the gantry and is connected to the X-ray source 
in thermally conductive fashion. The ring-like fashioning of the heat exchanger, i.e. the 
fashioning thereof adapted to the preferred form of the gantry, enables a large-area heat 
transfer of the heat arising when generating X-rays with the X-ray source from the heat 
i5 exchanger to the air surrounding the heat exchanger in a simple way, with heat transfer 
4% occurring over the entire circumferential surface of the ring-like heat exchanger. Although 
H the heat transfer from the X-ray source to the heat exchanger is still relatively locally limited, 
* ~ the area for the heat transfer from the heat exchanger to the air surrounding the heat 

exchanger is enlarged so that the elimination of the heat is significantly improved. Whereas 
t q the area for the heat exchange for current, standard heat exchangers provided at the gantry 
13 amounts to approximately 0.1 m 2 , three times the area for the heat exchange is already 

obtained with the inventive ring-like, heat exchanger adapted to the size of the gantry that has 
a radius of approximately 0.5 m and a width of approximately 0.1 m. The heat exchanger is 
preferably arranged ring-like around the gantry, however, the heat exchanger alternatively can 
be arranged axially offset relative to the gantry in the direction of the rotational axis and 
20 preferably with substantially the same radius as the gantry. 
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In a preferred embodiment of the invention the heat exchanger is rotatable around the 
rotational axis together with the gantry. The heat transfer from the X-ray source to the first 
heat exchanger therefore can be accomplished in a simple way by thermal conduction since 
no parts of the gantry and the heat exchanger that move relative to one another and form heat 
5 barriers are present. 

In a version of the invention the heat exchanger is formed of at least one heat 
exchange element, or at least two heat exchange elements that are arranged annularly and are 
connected to one another and to the X-ray source in thermally conductive fashion. This 
version thus allows the use of individual heat exchange elements that are commercially 
flfO obtainable and thus economical, of the type, for example, employed in the automotive 
Id industry. When arranged ring-like and connected to one another, these heat exchange 

'"ST 

E3 elements, which are usually cuboid, result in a heat exchanger which effectively eliminates 
"'i the heat generated during operation of the X-ray source from the X-ray source to the heat 
?q exchanger. 

|| A more uniform distribution of the heat generated by the X-ray source and absorbed 

by the heat exchanger is achieved in a version of the invention wherein a medium flows 
through the heat exchanger in a closed circulation loop. The medium preferably flows not 
only through the heat exchange elements connected to one another by, for example, conduits 
but also flows through cooling and insulating oil that surrounds the X-ray source. This results 

20 in a relatively uniform distribution of the heat over the heat exchanger, and thus a large-area 
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heat transfer from the heat exchanger to the air surrounding the heat exchanger. For example, 
the cooling and insulating oil also can be employed as the flowing medium. 

In another version of the invention coverings extending between the heat exchange 
elements in the circumferential direction connect the heat exchange elements to one another, 
5 and/or annular guide devices at both sides of the heat exchanger are provided. These 
coverings and/or guide elements conduct an air stream produced by rotation of the heat 
exchanger, and heated at the heat exchanger, toward the exterior away from the gantry. In 
this way, heated air is prevented from proceeding into the interior of the gantry whi ch could 

J 3 negatively influence the functioning of the radiation detector (usually arranged at the gantry) 

pD and its appertaining electronics. 

L J In another preferred embodiment of the invention, the aforementioned heat exchanger 

S3 serves as first heat exchanger, and a second heat exchanger is provided that interacts with the 
-f first heat exchanger, resulting in the elimination of the heat generated by the X-ray source 
? * 3 being further improved. In a version of this embodiment, the second heat exchanger is 
f| stationary relative to the first heat exchanger, and the second heat exchanger is either 

annularly arranged around the first heat exchanger or is attached to the first heat exchanger 
axially offset in the direction of the rotational axis. In all instances, the two heat exchangers 
preferably reside extremely closely opposite one another, separated only by an air gap, so that 
- due to this arrangement - the second heat exchanger is charged with only a comparatively 
20 slight, secondary stream of air that has not been heated at the first heat exchanger. As a 

result, a higher temperature difference between the primary side and the secondary side (i.e. 
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the side absorbing the heat and the side emitting the heat, for example to the air surrounding 
the second heat exchanger), that is directly proportional to the cooling power is effective at 
the second heat exchanger. 

In another embodiment of the invention, the second heat exchanger also can be 
5 formed of one or more heat exchange elements connected to one another, or a medium can 
flow through the second heat exchanger. Commercially obtainable heat exchange elements 
also can be employed to form the second heat exchanger to lower the manufacturing costs. 
The connection of the heat exchange elements to one another and having a medium flow 
^3 through the heat exchange elements produce an optimally uniform distribution of the heat 

f Hi 

19 over the second heat exchanger - as in the case of the first heat exchanger — and thus resulting 
Y% in a large-area heat transfer from the second heat exchanger to, for example the air 

" surrounding the second heat exchanger. 

3 In another version of the invention, the second heat exchanger also has coverings 

C O extending between the heat exchange elements thereof in the circumferential direction that 
1® connect the heat exchange elements to one another. The first and second heat exchangers can 
have inter-engaging, annular guide devices that guide an air stream generated as a result of the 
rotation of the first heat exchanger, and heated at the first heat exchanger, to the second heat 
exchanger. The coverings between the heat exchange elements of the second heat exchanger 
prevent penetration of non-heated air into the air gap between the first and second heat 

20 exchangers. Additionally, the inter-engaging, annular guide devices cause the air heated at 
the first heat exchanger to be guided in the direction of the second heat exchanger so that this 
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heated air cannot undesirably proceed into the inside of the gantry and negatively influence 
the functioning of the radiation detector and its appertaining electronics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an inventive cooling device with first and second ring-like heat 
5 exchangers. 

Figure 2 is a view of the inventive cooling device in the direction of the arrow EL from 
Figure 1. 

0 Figures 3 and 4 respectively show arrangements of the first and second heat 

r n 

in exchangers relative to one another and relative to the gantry. 

: .J; 

f_y 

l|P DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a schematic illustration of an inventive cooling arrangement for an X-ray 
fg source 2 arranged at an annular gantry 1 . In the exemplary embodiment, the gantry 1 is part 
C3 of a computed tomography apparatus and is seated therein so as to be rotatable in the 
direction of the arrow 'a' around a rotational axis 3 is perpendicular to the plane of the 
15 drawing. 

An X-ray radiator 4 that contains the aforementioned X-ray source 2, which can be a 
rotating bulb tube, and a detector 5 arc ananged opposite one another. During operation of 
the computed tomography apparatus, the gantry 1 rotates around the rotational axis 3, and a 
fan-shaped X-ray beam 6 emanating from the X-ray source 2 penetrates a measuring field 7 
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and is incident on the X-ray detector 5. Output signals from the X-ray detector 5 are supplied 
to a computer 25 which reconstructs an image of a subject (not shown) in the measuring field 
7 in a known manner. The electrical connections of the X-ray source 2 and the detector 5 are 
accomplished via wiper rings in a known way that is not shown. The housing 8 of the X-ray 
5 radiator 4 containing the X-ray source 2 is filled (in a way not shown in detail) with cooling 
and insulating oil in order to cool the rotating bulb tube during operation of the computed 
tomography apparatus. 

In the exemplary embodiment, a first heat exchanger 9, that is fashioned ring-like and 
i 3 is rotatable around the rotational axis 3 together with the gantry 1, is arranged around the 
tO gantry 1 . In the exemplary embodiment, the heat exchanger 9 is formed of seven annularly 
^ arranged heat exchange elements 1 0 that are filled with a cooling medium and that are 
h y connected to one another via hose conduits 11. Such a hose conduit 1 1 is also conducted 

^ through the housing 8, and thus the cooling and insulating oil of the X-radiator 4 as well, in a 

=? 

hi; 

rg helical course, for example. A circulating pump 12 schematically indicated in one of the heat 
1 53 exchange elements 1 0 produces a circulation of the medium through the heat exchange 
elements 10 and the X-ray radiator 4. 

°^4n4he exemplary embodiment, a second heat exchanger 13 that interacts with the first 
heat exchanger 9 anfTthajh* likewise fashioned ring-like is arranged around the first heat 
exchanger 9. The heat exchangerTBHs^tionary relative to the heat exchanger 9. An air gap 
21 is present between the two heat exchmgersVaiid 13. Like the heat exchanger 9, the heat 
exchanger 13 in the exemplary embodiment also is forme^"b£§even annularly arranged heat 
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^elements 14 injvtuch^ajmedk^ v i a hose* 

^cosdnit^lS, so that the medium can circul a te llu OUgU t he heal exchan^M Btemtmts 

In the exemplary embodiment, the medium is additionally conducted via a cooling 
system 16 that actively coois the medium and contains a circulating pump (not shown) that 
5 accomplishes the circulation of the medium through the heat exchange elements 14 and the 
cooling system 16. 

During operation of the computed tomography apparatus, the medium of the heat 
exchanger 9 absorbs heat from the cooling and insulating oil when it flows through the X-ray 

f=i 

*J radiator 4, and, as a consequence of the circulation of the medium through the heat exchange 

f n 

if n elements 10, achieves a relatively uniform distribution of the heat over the first heat 

U exchanger 9. In this way, heat transfer from the first heat exchanger 9 to the air that 

E9 surrounds the heat exchanger 9 and is present in the air gap 2 1 between the heat exchanger 9 

s 

^ and the heat exchanger 1 3, ensues in large-area fashion over the entire circumference of the 
il heat exchanger 9. As a result, the elimination of the heat from the rotating bulb tube forming 
1 5 i g the X-ray source 2 is noticeably improved. 

As a result of the rotation of the heat exchanger 9 with the gantry I, the air heated by 
the heat exchanger 9 likewise circulates and charges the primary side of the heat exchanger 13 
facing toward the heat exchanger 9 that absorbs the heat from the air circulating in the air gap 
21. As a result, medium of the heat exchanger 13 flowing through the heat exchange 
20 elements 1 4 is elevated in temperature. The elimination of the heat picked up by the heat 



9 



09/07/UU THU 14:2U FAX 312 258 5GUU 



SHW CH1CAGU 



1^013 




exchanger 13 ensues to the air surrounding the heat exchanger 13 and also ensues to the 
cooling system 16 as a result of the circulation of the medium. 

Respective coverings 17 or 18 are provided between the heat exchange elements 10 of 
the first heat exchanger 9 as well as between the heat exchange elements 14 of the second 

5 heat exchanger 13. The coverings 17 prevent heated air from proceeding from the air gap 21 
into the inside of the gantry 1, which could cause malfunctioning of the detector 5 as well as 
its appertaining electronics (not shown in detail). The coverings 18, in contrast, mainly serve 
to prevent secondary streams of non-heated air from proceeding into the air gap 21 between 

t. 3 the heat exchangers 9 and 13. In this way, the temperature difference between primary and 
ICR secondary sides, i.e. the side of the heat absorption and the side of the heat emission, remains 

* y t higher, this being directly proportional to the cooling power, 

* y Figure 2 is a view of the cooling arrangement in the direction of the arrow II from 

~t Figure 1 . Figure 2 shows a cross-section through two heat exchange elements 10, 14 of the 
f a heat exchangers 9 and 13. As can be seen better in Figure 2 compared to Figure 1 , each of the 
IS 3 first heat exchanger 9 and the second heat exchanger 13 has two annular guide devices 23, 24 
and 19, 20, respectively that are arranged at both sides of the heat exchange elements 10 and 
14, respectively, and engage into one another. The guide devices prevent the air that is heated 
as a result of the rotation of the heat exchanger 9 and that circulates in the air gap 21 from 
proceeding into the inside of the gantry I and guide therein from the gantry 1 in the direction 
20 toward the second heat exchanger 13. Moreover, the guide devices prevent the penetration of 
secondary air into the air gap 21. Figure 2 also shows a device 22 - that cannot be clearly 
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seen in Figure 1 - for the air that is heated at the heat exchanger 1 3 and which surrounds the 
heat exchanger 1 3 and that is eliminated in the direction of the arrow ' b\ 

In the exemplary embodiment, a second heat exchanger 13 for the elimination of the 
heat generated during the operation of the X-ray source 2 is provided in addition to the first 
5 heat exchanger 9, however, the inventive cooling arrangement need not necessarily include 
the second heat exchanger 13. If the second heat exchanger 13 is omitted, the first heat 
exchanger 9 emits the heat absorbed from the X-ray source 2 to the surrounding air during 
operation of the computed tomography apparatus case. Such an embodiment of a computed 

*2 tomography apparatus is suitable, for example, for investigating materials in factories wherein 

r n 

high demands as to hygiene are not made. 
U The above-described embodiment of the heat exchangers 9 and 13 respectively with 

65 seven heat exchange elements 1 0, 14 is only an example. The heat exchanger 9 as well as the 
% t heat exchanger 13 can be composed of only a single, annularly closed heat exchange element, 
U of a few or of a multitude of annularly arranged heat exchange elements that, as in the case of 
1$"3 the present exemplary embodiment, are fashioned cuboid. The number of heat exchange 
elements is preferably adapted to the required cooling capacity. 

Further, it is not necessarily required that for a medium to flow through the heat 
exchange elements. The heat exchange elements can merely be connected to one another iu 
thermally conductive fashion, for example via copper conduits. For example, the coverings 
10 17 or 1 8 of the heat exchangers 9 and 13 can serve as such copper conduits. 
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In the case of the heat exchanger 9, the medium flowing through the heat exchange 
elements can, for example, be the cooling and insulating oil of the X-ray radiator 4, so that no 
additional medium that distributes heat over the heat exchanger is required beyond the 
cooling and insulating oiL 

5 The first heat exchanger 9, moreover, need not necessarily rotate together with the 

gantry 1 but can be stationary relative to the gantry 1 . In this case, the heat transmission from 
the X-ray source 2 or the X-radiator 4 to the first heat exchanger 9 ensues, for example, via 
the air that is present between the X-ray radiator 4 and the first heat exchanger 9 and that is 

*~ heated at the X-ray radiator 4 and that serves as thermally conductive medium. 

f rb 

10- In the exemplary embodiment, the heat exchanger 9 is arranged around the gantry 1 

l_j and the heat exchanger 13 is arranged around the heat exchanger 9. Alternative arrangements 
Iq of heat exchangers relative to one another and relative to the gantry 1 are shown in Figures 3 
S3 and 4. 

; r * In Figure 3 , a heat exchanger 9. 1 is arranged axially offset in the direction of the 

rotational axis 3 relative to the gantry 1 and a heat exchanger 13.1 is arranged axially offset in 
the direction of the rotational axis 3 relative to the heat exchanger 9.1. 

Figure 4 shows an arrangement of a heat exchanger 9.2 offset axially in the direction 
of the rotational axis 3 relative to the gantry I, a heat exchanger 1 3.2 being arranged around 
said heat exchanger 9.2. 
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The advantages of the invention are also effective in such modified arrangements of 
heat exchangers relative to one another as well as relative to the gantry 1, resulting in an 
improved elimination of the heat generated during operation of the X-ray source 2. 

Although other modifications and changes may be suggested by those skilled in the 
5 art, it is the intention of the inventor to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come within the scope of their 
contribution to the art 
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